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 Abstract Carotenoids are natural pigments, produced by all higher plants, some bacteria and 
algae. They have important antioxidant properties. Between all carotenoids xanthophylls are found in 
higher plants in esterified from.  Esters of carotenoids are synthetised especially during senescence. The 
fatty acids which esterified the carotenoids are in principal, saturated fatty acids but in some plants they ca 
be present also unsaturated fatty acids but in lowest amounts. The separation and identification of 
carotenoids esters can be very difficult and HPLC-Ms analysis should be carried out. 
 
INTRODUCTION 
 
Fruit and vegetables contain a wide range of compounds including the antioxidant 
vitamins C and E, minerals, phenolics and carotenoids. Carotenoids are natural pigments, 
providing orange, yellow, red and purple colours throughout the natural world. These 
pigments are produced by all higher plants, along with some bacteria and algae [Britton 
et al., 1995]. 
Carotenoids are pigments found primarily in plants. Carotenoids, long recognized 
for their antioxidant properties, are of increasing interest in relation to cancer because of 
their effect on regulation of cell growth, modulation of gene expression, and, possibly, 
immune response [Rock, 1997]. 
Fruits and vegetables contain different amounts and types of carotenoid and other 
components [Paul and Southgate, 1978; Goodwin, 1980; Bauernfeind, 1981; Britton, 
1983]. It is not known whether the different components among matrices influence the 
extraction and quantitation of carotenoids. Evaluations for the method were conducted by 
comparison of extraction yields of the analytes obtained using different reported 
methodologies,  modification of the selected methodology for the most effective 
conditions, validation of the established method to indicate its accuracy and repeatability,  
investigation of the possible application of the established method to various kinds of 
fruit and vegetable matrices. 
The xanthophylls (oxo-carotenoids), lutein and zeaxanthin are also known to 
provide protection against age-related macular degeneration, mediated by their ability to 
quench single oxygen and blue light in the retina [Landrum and Bone, 2001]. 
 
 
 
 Lutein is a dihydroxy carotenoid or xanthophylls that have anticancer activity and 
effect on degenerative diseases of the eyes [Chew at al., 1996]. It has in the past several 
years been the subject of many studies associating it with risk reduction for failing 
eyesight due to diseases such as age-related macular degeneration, the leading cause of 
irreversible blindness amongst senior populations. Lutein is also a potent antioxidant and 
is found to enhance immune function as well [Snodderly, 1995]. Although many fruits 
and vegetables contain lutein, the best commercial source of pure lutein is marigold 
(Tagetes erecta L.). The majority of lutein esters in marigold are diesters due to the two 
hydroxyl groups, one at each ionone ring. 
The fatty acids of the diesters have been found to be saturated with a carbon 
length between C12–C18. Dimyristate and dipalmitate were reported as the major 
diesters of lutein (83–92% of total esters) in marigold flower [Philip and Berry, 1975]. 
 
 
 
The methods for the separation of carotenoids esters are different depending on 
the plant from where they have to be isolated. The literature showed some examples for 
extraction of the esters, the most commonly used solvents are: methanol, acetone, 
petroleum ether, diethyl ether either a mixture of these solvents.  
Carotenoids in vegetables are predominantly esterified by fatty acids [Philip and 
Navar, 1971], thus the identification of high-performance liquid chromatography (HPLC) 
peaks of these carotenoid esters can be difficult [Fischer and Kocis, 1987]. 
In addition, the degree of esterification can be a function of the number of 
hydroxyls present in the xanthophylls. In order to simplify the separation, most methods 
for quantitative carotenoid have a previous phase of extract saponification [Britton, 1985] 
Carotenoids and carotenoid esters are lipid soluble and follow the same 
absorption mechanism as dietary triacylglycerides and other fatty minor components 
[Furr and Clark, 1997]. 
In many yellow/orange fruits and vegetables ß,ß -carotene is accompanied by other 
carotenes (e.g. lycopene) and xanthophylls (e.g. lutein, zeaxanthin, and β-cryptoxanthin), 
which, depending on the respective food plant, occur in free form and as fatty acid 
derivatives. Surprisingly, little information is given in the literature about the metabolism 
of xanthophylls esters. It has been suggested that ester hydrolysis by lipases is 
indispensable prior to absorption [Bowen et al., 1993; Furr and Clark, 1997; Wingerath et 
al., 1995, 1998], and that the required enzymes are generated by the pancreas and 
secreted into the gut. The specific enzymes involved in the gastric hydrolysation process 
of carotenoid esters are yet unknown [Breithaupt et al., 2002]. 
The ß-cryptoxanthin ester profile was dominated by ß-cryptoxanthin laureate, 
myristate, oleate, and palmitate in similar amounts whereas ß-cryptoxanthin stearate was 
present as trace component. In addition, very low amounts of free ß-cryptoxanthin were 
detectable. 
Extracts of papaya showed a different carotenoid spectrum: besides ß,ß-carotene 
and lycopene, significant amounts of free ß,ß -cryptoxanthin were present. The ß-
cryptoxanthin ester pattern was dominated by ß-cryptoxanthin caprate, laurate, myristate, 
and palmitate with ß-cryptoxanthin laureate being the carotenoid with the highest 
concentration in the native fruit extract. These findings are in accordance with results 
reported by Philip and Chen (1988) that used gas chromatography for identification of the 
fatty acid composition of ß-cryptoxanthin esters of papaya [Breithaupt et al., 2002]. 
 Photodiode array detection which records the samples has enormously simplified 
the routine analysis of [Gregory at al. 1987].  The photodiode array detection enables the 
spectra of each individual peak of the chromatogram to be recorded. These photodiode 
array detection features could allow carotenoid separation without sample saponification. 
 
 
 
 
Fig. 1 Typical HPLC chromatogram of a non-saponified extract of loquat (Eriobotrya japonica). 
Peak assignement: (1) = all-trans-ß-cryptoxanthin; (2)= 13-cis- ß, ß-carotene, (3)=all-trans- ß, ß-carotene, 
(4)=9-cis- ß, ß-carotene, (5)= ß-cryptoxanthin laurate; (6)=  ß-cryptoxanthin myristate; (7)= ß-
cryptoxanthin oleate; (8) = ß-cryptoxanthin palmitate and (9)= ß-cryptoxanthin stearate 
 
 
 
 
 
 
 
Fig 2.  Typical HPLC chromatogram of a non-saponified extract of papaya (Carica papaya L.). 
Peak assignement: (1) =all-trans-ß-cryptoxanthin; (2) = all-trans-ß,ß-carotene, (3) = ß-cryptoxanthin 
caprate; (4) =ß-cryptoxanthin laurate; (5) = ß-cryptoxanthin myristate; (6) = all-trans-lycopene 
 
 
Carotenoid determination of saponified or non-saponified Sobrassada extracts has 
been carried out on a reversed-phase (C18) column. The chromatograms shown in Fig. 3 
correspond to non-saponified (a) and saponified (b) Sobrassada extract. The peak 
assignation is shown in Table 1. 
When is taking in consideration both chromatograms (saponified and non-
saponified) 44 peaks can be resolved and classified in three different groups: (a) 
carotenoid peaks present in both saponified and non-saponified extracts (simple 
carotenoids), (b) carotenoid peaks present in non-saponified extracts and absent in 
saponified extracts (esterified carotenoids), and (c) carotenoid peaks present in saponified 
extracts and absent in non-saponified extracts (carotenoids naturally present only in the 
esterified form and/or obtained during saponification). 
Two kinds of reported carotenoid peaks can also be differentiated in function of 
the elution time: (a) esterified carotenoid peaks eluting before ß-carotene, and ß-esterified 
carotenoid peaks eluting after ß -carotene. The first kinds of esterified carotenoid present 
some non-esterified hydroxyl groups. The saponification treatment of the carotenoid 
extracts hydrolyses all carotenoid esters and allows the detection of some simple 
carotenoids such as cryptocapsin and other minority and non identified peaks which were 
not detected in the non-saponified extract [Oliver et al. 1998]. 
 
 
 
 
 
 
 
Fig. 3  Reversed-phase HPLC separation of (a) Sobrasada extract and (b) saponified Sobrasada extract in a 
Spherisorb C 18 column.  
 
 
It is reported that the most common esters are between capsanthin and capsorubin, 
and the saturated lauric (C12:0), myristic (C14:0) and palmitic (C16:0) fatty acids 
[Breithaupt and Schwack, 2000]. 
Unusual carotenoid esters of ripe mango flesh were identified as violaxanthin 
esters in a previous investigation [Pott et al., 2003] are characterized by LC–(APcI) MS 
analysis. The occurrence of violaxanthin dibutyrate (Fig. 4) is reported for the first time.  
 
 
 
 
 
Fig 4. HPLC chromatograms of a normal (A) and a saponified (B) extract of ripe mango mesocarp. Peak 
assignement: 1: violaxanthin ; 2: neochrom or luteoxanthin; 3: unidentified free xanthophylls; 4: 
violaxanthin dibutyrate; 5: unidentified esterified xanthophylls; 6: ß-carotene. 
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